Objective: Meperidine used to control shivering during perioperative period has associated side effects. The present study compared the safety of selective α2-adrenoreceptor agonist dexmedetomidine and meperidine for anti-shivering in primiparas after caesarean delivery under combined spinal-epidural anesthesia (CSEA). Methods: 100 primiparas scheduled for caesarean delivery were randomly allocated to dexmedetomidine group (Group D, n=50) and meperidine positive control group (Group M, n=50). Primiparas experienced shivering that continued to cord clamping were treated with dexmedetomidine (0.5 μg/kg) or meperidine (0.5 mg/kg) after cord clamping. The primary outcome measures were incidence of nausea, vomiting, and respiratory depression. Secondary outcome measures were shivering score, vital signs including blood pressure, heart rate and O 2 saturation, tympanic temperature, and sedation score. Results: Dexmedetomidine provided similar anti-shivering effects as meperidine in patients after caesarean delivery under CSEA, evidenced as all shivering primiparas responded to either dexmedetomidine or meperidine treatment within 15 min. However, incidence of nausea and vomiting were significantly lower after dexmedetomidine treatment, accompanied with more stable blood pressure. Dexmedetomidine also provided well regulation of tympanic temperature and good sedation. Conclusion: Selective α 2 -adrenoreceptor agonist dexmedetomidine has a better safety profile compared with meperidine for anti-shivering in primiparas undergoing caesarean delivery. Dexmedetomidine could be a better choice for anti-shivering in patients requiring caesarean section. The mechanism of anti-shivering for dexmedetomidine may relate to well regulation of temperature and good sedation.
Introduction
Shivering is common during cesarean section under spinal anesthesia and may continue for several hours after delivery. Shivering during delivery under spinal anesthesia is uncomfortable for patients and can increase oxygen consumption, carbon dioxide production, and lactic acid accumulation. Furthermore, patient shivering may interfere with blood pressure and oxygen saturation monitoring as well as electrocardiograms. The redistribution of core temperature contributes to shivering under spinal anesthesia [1] . Compared with other patients, large body surface area of maternal gives rise to greater heat loss after combined spinal-epidural anesthesia (CSEA) during cesarean section. In addition, the unique process of amniotic fluid loss in cesarean section, should certainly accompanied by extra heat loss. Therefore, the incidence of shivering in parturient undergoing cesarean section with CSEA is higher. It was reported that the incidence of shivering in cesarean section with regional anesthesia was higher than that in other procedures (up to 55%) [2] . In addition, the rate of caesarean sections is increasing yearly [3, 4] . More and more parturient will struggle with shivering during cesarean section with CSEA.
Opioids, α 2 -agonists, and 5-hydroxytrypatamine agonists or antagonists have been used clinically to control shivering in the perioperative period [5] . Among these, meperidine is the medication most often recommended for clinical use. Meperidine's anti-shivering effects have been attributed to its actions on the κ-opioid receptor [6] and the α 2b adrenoreceptor subtype [7] . Side effects associated with meperidine administration include nausea, vomiting, and pruritus [8] , as well as respiratory depression at higher doses [9] .
Dexmedetomidine is a selective α 2 -adrenoreceptor agonist that causes sedation, anxiety reduction, and analgesia without the development of respiratory depression [10] . Some evidence [11] suggests that dexmedetomidine can reduce post anesthetic shivering after surgery. Dexmedetomidine has been used previously to prevent postoperative shivering in patients undergoing elective total abdominal hysterectomy under general anesthesia (fentanyl, propofol, atracurium) [12] .
As clinical experience suggests that dexmedetomidine may be effective in reducing the incidence of shivering in patients during and after caesarean section under spinal anesthesia, we hypothesized that dexmedetomidine has better efficacy for anti-shivering in this patient population, with less side effects than meperidine. This prospective, double-blind, randomized clinical study compared the efficacy and safety of dexmedetomidine and meperidine for reducing the incidence and severity of shivering in primiparas after caesarean delivery under CSEA.
Materials and methods
This trial was registered at http://www.chictr.org.cn/index.aspx (ChiCTR-IPR-15005860; Principal investigators: Gaofeng Yu, Jinghui Chen, Xingrong Song) on January 21, 2015. The trial was approved by the human investigation committee of Guangzhou Women and Children's Medical Center and was conducted in accordance with the principles of the World Medical Association Declaration of Helsinki [13] and Good Clinical Practice guidelines [14] .
Patients
Healthy primiparas scheduled for caesarean delivery under CSEA were eligible for the present study. Inclusion criteria were (1) American Society of Anesthesiologists (ASA) physical status I or II; (2) age ≥ 18 years; and (3) shivering during cesarean delivery that continued to cord clamping. Exclusion criteria were (1) febrile illness; (2) hypertension; (3) diabetes mellitus; (4) abnormal liver or renal function; or (5) coagulation disorders.
Using a computer-generated random code and the sealed-envelope system, included primiparas were randomly allocated 1:1 to a dexmedetomidine group (Group D, n=50) or a meperidine group (Group M, n=50). All subjects provided written informed consent. Primiparas and the anesthetist were unaware of the study group allocations. A nurse anesthetist that was not involved in data recording or analysis prepared the medications and marked them "A" or "B".
Study procedures
The operating room was maintained at [24] [25] [26] • C and 60% humidity. CSEA was performed at L3-4 or L2-3 interspace after infiltration of 2 ml 0.5% ropivocaine for spinal anesthesia and 3 ml 1% lidacaine as the epidural test dose. Patients breathed air and were covered in sheets; no active heating method was adopted during anesthesia. Fluids and medications were administered at room temperature. If primiparas shivered before cord clamping, dexmedetomidine 0.5 μg/kg (diluted with normal saline to 20 ml) or meperidine 0.5 mg/kg (diluted with normal saline to 20 ml) was administered intravenously by pump (120 ml/h, 10 min). If shivering lasted more than 15 min, the treatment was considered invalid. If treatments were not effective, 4 mg ondansetron could be administered intravenously as a rescue medicine; if it was necessary, 1 mg/kg ketamine administered intravenously could be adopted.
Sample size
The primary outcome measure was the incidence of nausea. A pilot study in our group found that the incidence of nausea was 50% and 10% for the meperidine group and the dexmedetomidine group, respectively. With a power of 90% and a type I error of 5%, 42 patients per group were required to achieve acceptable results. Accounting for 20% of dropouts, 50 patients were recruited to each study group.
End points
The primary outcome measure was incidence of adverse events, including nausea, vomiting, and respiratory depression. Secondary outcome measures were shivering score, vital signs including systolic blood pressure (SBP), diastolic blood pressure (DBP), mean blood pressure (Pmean), heart rate (HR), O 2 saturation (SpO 2 ), tympanic temperature, and sedation score.
Duration of surgery, infusion volume, amount of bleeding, urine volume, the highest plane of sensory block, minimum HR, dose of atropine administered for bradycardia, adverse events including nausea, vomiting, respiratory depression, bradycardia, and Apgar scores of the newborns at 1, 5, and 10 min were recorded.
Shivering score was measured when shivering appeared. Shivering was graded according to a validated scale [15] where 0 = no visible shivering; 1 = no visible shivering, but peripheral vasoconstriction or piloerection was observed; 2 = activity in one muscle group only; 3 = activity in more than one muscle group, but shivering was not generalized; 4 = shivering involving the whole body.
Sedation was graded according to the Ramsey sedation scale: 1 = patient awake, anxious, agitated, restless; 2 = patient awake, cooperative, oriented, tranquil; 3 = patient awake, responsive to commands only; 4 = patient asleep, brisk response to light glabellar tap or loud auditory stimulus; 5 = patient asleep, sluggish response to light glabellar tap or loud auditory stimulus; 6 = patient asleep, no response to light glabellar tap or loud auditory stimulus.
Vital signs, tympanic temperature monitored with an ear thermometer (Thermoscan IRT 3020; Braun, Kronberg, Germany), and the sedation score were recorded at the following time points: before (Tb) and after (Ta) CSEA, at cord clamping (Tc), and at 0 min (T0), 5 min (T5), 10 min (T10), 15 min (T15), 20 min (T20), and 30 min (T30) after administration of dexmedetomidine (Jiangsu Hengrui Medicine Co., Ltd.) or meperidine (Hubei Yichang Renfu Pharmaceutical Co., Ltd).
Statistical analysis
Statistical analysis was conducted using SPSS software version 16.0 (IBM, Armonk, NY, U.S.A.). Quantitative variables including shivering score, primipara age, gestational age, weight, height, body mass index (BMI), duration of surgery, infusion quantity, amount of bleeding, urine volume, the highest plane of sensory block, minimum HR, and dose of atropine were compared between groups using the Mann-Whitney U-test or the Kruskal-Wallis test. Sedation score, baseline and intraoperative vital signs (HR, SBP, DBP, Pmean, and SpO 2 ), tympanic temperature, and Apgar score were evaluated with repeated-measures analysis of variance (ANOVA). Data are expressed as mean + − SD; P<0.05 was considered statistically significant.
Results

Basic information of patient
From February 2, 2015 to September 28, 2015, a total of 100 primiparas underwent randomization: 50 to the dexmedetomidine group (Group D) and 50 to the meperidine group (Group M). Morphometric characteristics (primipara age, gestational age, weight, height, BMI) and duration of surgery were similar between the two groups. The highest plane of sensory block, infusion volume, amount of bleeding, urine volume, minimum HR, and the Apgar score at 1, 5, and 10 min did not differ between groups. Atropine was not administered to any patient (Table 1) .
Selective α 2 -adrenoreceptor agonist dexmedetomidine effectively reduced post operation shivering As shown in Figure 1 , all shivering primiparas responded to either dexmedetomidine or meperidine treatment within 15 min. A total of 33 primiparas in dexmedetomidine treatment group and 35 primiparas in meperidine treatment group experienced shivering (Group D: 66.00%, 33/50 vs. Group M: 70.00%, 35/50; P=0.67). However, except the well anti-shivering effects of dexmedetomidine, the incidence of nausea and vomiting were significantly lower in dexmedetomidine treatment group compared with meperidine treatment group (P<0.01) ( Table 2 ). These results indicating that selective α2-adrenoreceptor agonist dexmedetomidine existed anti-shivering effects with less adverse reactions (nausea and vomiting) in patients underwent caesarean section.
Dexmedetomidine improved circulatory stability
After anesthesia, blood pressure decreased slightly in both groups, but no ephedrine was needed to treat potential hypotension. Blood pressure plateaued after T5 in both groups. Pmean was significantly higher at T0, T5, T15, T20, and T30 (Figure 2A ), SBP was significantly higher at T0 and T20 ( Figure 2B ), and DBP was significantly higher at T0, T5, T15, T20, and T30 ( Figure 2C ) in dexmedetomidine treatment group compared with meperidine treatment group. These findings suggest blood pressure was more stable in dexmedetomidine treatment group compared with meperidine treatment group. Following dexmedetomidine or meperidine administration, there was no significant decrease in HR. HR was higher in meperidine treatment group compared with dexmedetomidine treatment group at all time points after treatment, but the differences were not significant ( Figure 3A) . SpO 2 was significantly higher at T0 and T5 in dexmedetomidine treatment group compared with meperidine treatment group ( Figure 3B ).
Dexmedetomidine provided well regulation of temperature and good sedation
Following dexmedetomidine or meperidine administration, there was a significant decrease in tympanic temperature from Tc to T0-30 (Table 3) . Tympanic temperature plateaued 10 min after administration of dexmedetomidine or meperidine ( Figure 4A ). There was no significant difference in tympanic temperature between groups at any time- point (F = 3.27, P=0.08). These findings suggest that dexmedetomidine and meperidine had similar effects on the thermoregulatory center.
Sedation status affects the incidence of shivering. Sedation score increased but then plateaued 5 min after treatment with dexmedetomidine or meperidine. Sedation score was significantly lower at T5 in dexmedetomidine treatment group (2.97 + − 0.68 compared with meperidine treatment group (3.37 + − 0.60) (P=0.01) ( Figure 4B ). These results suggested that the mechanism of anti-shivering for dexmedetomidine may relate to well regulation of temperature and good sedation.
Discussion
The present study investigated the efficacy and safety of dexmedetomidine (0.5 μg/kg) and meperidine (0.5 mg/kg) for reducing the incidence and severity of shivering in primiparas after caesarean delivery under CSEA. Mean incidence of shivering before treatment was 68% (Group D, 66%, 33/50; Group M, 70%, 35/50), which was similar to the findings from other studies [16, 17] . All shivering primiparas responded favorably to dexmedetomidine or meperidine treatment, both of which stopped primiparas' shivering within 15 min of administration.
The exact mechanism of shivering in primiparas under CSEA has not been fully established, but shivering may be caused by loss of heat to the environment, inhibition of central thermoregulatory control, and redistribution of body heat [18, 19] . In the clinical setting, shivering is most often prevented or treated using pharmacological management. Meperidine is generally recommended for the control of postanesthetic shivering. The mechanism and site of action of meperidine as an anti-shivering agent have yet to be fully elucidated. Evidence suggests that the anti-shivering effects of meperidine can be minimally blocked by low-dose naloxone (blocking most μ-receptors), and totally reversed by high-dose naloxone (blocking all μ-and most κ-receptors) [20] . Accordingly, meperidine may exert its anti-shivering effects, at least in part, on κ-opioid receptors. However, meperidine may also act directly on the thermoregulatory center [21] .
Dexmedetomidine is a centrally acting a 2 -adrenergic agonist with a short half-life (2-3 h vs. 12-24 h for clonidine, another classic α 2 -adrenergic agonist). Because of its potentially beneficial physiologic effects, dexmedetomidine is widely used for sedation in mechanical ventilation, procedural sedation, prevention of acute agitation, and neuroprotection [22] [23] [24] [25] [26] [27] . Dexmedetomidine may exert its anti-shivering effects by acting on the central thermoregulatory system and reducing vasoconstriction and the shivering threshold [28] . We had the similar result that the high dose of dexmedetomidine (0.5 μg/kg) effectively controlled shivering compared with the study of Abdel-Ghaffar et al. (100% vs. 96.7%) [28] . The deficiencies related to used dose was hemodynamic instability and excessive sedation, that may be related to venous bolus injection (>2 min) despite the changes of blood pressure and HR rate tend to be reversible over time. Given that, then we accepted a modified approach (constant infusion for 10 min) in the present study, the development of hemodynamic within 30 min suggested that systolic pressure was more stable even though had not fully eliminated the common complications of bradycardia and sedation. Determining the exact dose of dexmedetomidine 0.3 μg/kg or 0.5 μg/kg in our or any other study is notoriously difficult balanced efficiency and time. Multiple factors may contribute to dosing strategies used for shivering including preexisting patient condition, types of surgery, Figure 5 . Schematic diagram of selective α 2 -adrenoreceptor agonist dexmedetomidine for anti-shivering in primiparas undergoing caesarean delivery under CSEA Dexmedetomidine provided anti-shivering effects in patients after caesarean delivery under CSEA. Moreover, incidence of nausea and vomiting were significantly lower after dexmedetomidine treatment, accompanied with more stable blood pressure.
Dexmedetomidine also provided well regulation of tympanic temperature and good sedation.
duration of operation, as well as personal experience. Finally, the high dose of dexmedetomidine (0.5 μg/kg) used in the present study with constant infusion for 10 min had displayed positive effects without serious adverse event.
It is well known that opioid-induced nausea, vomiting, and respiratory depression result from activation of the μ-receptor. Dexmedetomidine is a highly selective α 2 -adrenergic agonist that has no affinity for the μ-receptor, while meperidine is a classic agonist of the μ-receptor. In the present study, there was a lower incidence of nausea and vomiting in dexmedetomidine treatment group compared with meperidine treatment group (nausea, Group D vs. Group M = 3.03% vs. 51.43%, P<0.01; vomiting, Group D vs. Group M = 0.00% vs. 20.00%, P=0.01). Respiratory depression was not observed in ether group, presumably due to the low doses of medications used and the slow rates of infusion. Following dexmedetomidine or meperidine administration SpO 2 decreased slightly, and the decrease in SpO 2 was less in dexmedetomidine treatment group compared with meperidine treatment group. Blood pressure was more stable in dexmedetomidine treatment group compared with meperidine treatment group. Dexmedetomidine-induced bradycardia was one concern, but mean minimum HR was not significantly different between the two groups; no atropine was administered to any patient during the study period.
One limitation of the present study was that we just evaluated the effects of dexmedetomidine and meperidine on newborns by Apgar Scores. Umbilical arterial pH reflected situation of newborns and was related to shivering of patients, too. It was another valuable indicator which could be involved in our further study.
In conclusion, data from the present study indicate that dexmedetomidine (0.5 μg/kg) has similar efficacy and a better safety profile compared with meperidine (0.5 mg/kg) for the control of shivering in primiparas undergoing cesarean section under CSEA. Dexmedetomidine could be a better choice for the control of shivering in patients requiring caesarean section under CSEA ( Figure 5 ).
